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7KH VWHHOV SURGXFHG WKURXJK SRZGHU PHWDOOXUJ\ 30 PDQXIDFWXULQJ SURFHVV KDV LPPHQVH SRWHQWLDO IRU
LQGXVWULDO DSSOLFDWLRQV LQYLHZRI UHTXLUHPHQWVRIPDVVSURGXFWLRQ OHDQPDQXIDFWXULQJ LPSURYHG UHOLDELOLW\ DQG
UHSODFLQJDOO WUDGLWLRQDOPHWKRGVRIPHWDO IRUPLQJRSHUDWLRQVEHFDXVHRILWV OHVVHUHQHUJ\FRQVXPSWLRQPD[LPXP
PDWHULDO XWLOL]DWLRQ ORZ UHODWLYHPDWHULDO ZDVWDJH DQG FRPSHWLWLYH FRVW 6LQWHUHG ORZ DOOR\ VWHHOV ILQG QXPHURXV
DSSOLFDWLRQV LQ PDNLQJ FRPSRQHQWV IRU WKH PDFKLQH SDUWV DXWRPRELOH SDUWV VWUXFWXUDO FRPSRQHQWV HWF 7KH
PHFKDQLFDO SURSHUWLHV LV PDLQO\ GHSHQGV RQ WKH ILQDO GHQVLW\ RI VLQWHUHG 30 DOOR\V 7KH SUHVHQFH RI YRLGV RU
SRURVLW\LQFRPSDFWHGSUHIRUPVDQGVLQWHUHGSURGXFWVLVRQHRI WKHPDMRUIDFWRUVFDXVLQJUHGXFWLRQLQPHFKDQLFDO
SURSHUWLHVRI30DOOR\V3RURVLW\PD\FRQWULEXWHWRVWUHQJWKGHJUDGDWLRQLQWZRZD\V)LUVWSRUHVZLOODFWDVORFDO
VWUHVVFRQFHQWUDWRUVDQGVHFRQGWKH\PD\DFWDVFUDFNSUHFXUVRUV7KHILQDOGHQVLW\RIWKHVLQWHUHG30SDUWVSOD\V
D YLWDO UROH LQ GHWHUPLQLQJ WKH FRPSRQHQW SURSHUWLHV DQG FKDUDFWHULVWLFV'DQQLQJHU HW DO  LQYHVWLJDWHG RQ
VLQWHUHGLURQXQGHUGLIIHUHQWORDGVWRHVWDEOLVKWKHPHFKDQLFDOEHKDYLRXURIVLQWHUHG LURQSUHIRUPVLQFRUUHODWLRQZLWK
PLFUR VWUXFWXUDO SDUDPHWHUV $OVR LPSDFW WHVW DQG IDWLJXH WHVW ZHUH FDUULHG RXW RQ VLQWHUHG LURQ SUHIRUPV ZLWK
GLIIHUHQWVLQWHULQJSDUDPHWHUVVXFKDVWLPHDQGWHPSHUDWXUHDQGUHVXOWHGWKDW WKHPHFKDQLFDOSURSHUWLHVZHUHPRVW
VHQVLWLYH WR WKH VLQWHULQJ LQWHQVLW\ 7KH VWUHQJWKHQLQJ RI VLQWHUHG 30 ORZ DOOR\ VWHHOV FDQ EH DFKLHYHG WKURXJK
GHQVLILFDWLRQ DOOR\LQJ DQG KHDW WUHDWPHQW  7KH ZHDU PHFKDQLVPV RI 30 DOOR\ VWHHO SDUWV KDV VLPLODU
SURSHUWLHV FRPSDUHG WR ZURXJKW PDWHULDOV XQGHU WKH VDPH WULERORJLFDO FRQGLWLRQV EXW WKH SRURVLW\ SOD\V D
VLJQLILFDQWUROHLQZHDUEHKDYLRXURIDOOR\VWHHOV  (QJVWURPHWDO KDVGHYHORSHGVRPHQHZKLJK
VWUHQJWK DOOR\ PDWHULDO EDVHG RQ &X 0R DQG 1L ZLWK YDU\LQJ FRPSRVLWLRQ OHYHOV DQG VWXGLHG WKHLU PHFKDQLFDO
EHKDYLRXUDQGGLPHQVLRQDO WROHUDQFHVZLWK UHVSHFW WR WKHPRGHRIPL[LQJRIDOOR\SRZGHUV VXFKDVSDUWLDOO\SUH
DOOR\HGDGPL[HGDQGIXOO\SUHDOOR\HGDQGFRQFOXGHWKDWWKHSDUWLDOO\SUHDOOR\HGSRZGHUVZLOOGRPLQDWHWKHIXWXUH
DV WKH DOOR\PDWHULDO SURFHVVHG WKURXJK WKLV URXWH \LHOGV EHWWHUPHFKDQLFDO EHKDYLRXU DQG GLPHQVLRQDO WROHUDQFH
<RXVXIILHWDO VWXGLHGWKDWWKHPHFKDQLFDOSURSHUWLHVRI30)H0QVWHHOVZLWKWKHDGGLWLRQRI0RDQG
YDU\LQJOHYHOVRI0QDQG&DQGUHSRUWHGWKDWWKHVWHHOZLWK0Q0RDQG&H[KLELWVEHWWHUPHFKDQLFDO
SURSHUWLHVDQGDOVRWKDWWKHDGGLWLRQRI0RKDVEHQHILFLDOHIIHFWRQWHQVLOHSURSHUWLHV:DQJ HWDOLQYHVWLJDWHG
DQGFRPSDUHGWKDWWKHVLQWHULQJSURFHVVHVRISUHIRUPVE\YDU\LQJWKHYDULDEOHVVXFKDVVLQWHULQJWHPSHUDWXUHLQLWLDO
GHQVLW\DQGSUHIRUPVGHVLJQXVHGIRUIDEULFDWLRQRIVWHHOSDUWVIRUYDULRXVSRZGHUIRUJLQJ SURFHVVHV3KLOLSVHWDO
 VWXGLHG DERXW WKH DGGLQJ RI DOOR\LQJ HOHPHQWV WR VWHHO HVSHFLDOO\ WKRVH ZKLFK KHOS WR UHWDLQ DXVWHQLWH
LPSURYHV WKH WHQVLOH DQG WRXJKQHVV SURSHUWLHV RI VLQWHUHG VWHHOV /DFN RI KRPRJHQHLW\ LQ VWUXFWXUH LV UHSRUWHG WR
H[KLELWPL[HGPRGHVRIFUDFNSURSDJDWLRQFOHDYDJHDQGPLFURYRLGFRDOHVFHQFHLQWKHFDVHRIVLQWHUHGDOOR\VWHHOV
0LFURYRLGIRUPDWLRQLVSURPRWHGE\WKHSUHVHQFHRIPHWDOOLFDOOR\LQJHOHPHQWV7KHZHDUUHVLVWDQFHRIKLJKVSHHG
VWHHOLVHQKDQFHGGXHWRWKHIRUPDWLRQRIKDUGFDUELGHVE\WKHDGGLWLRQRI7L&UDWKHUWKDQWKHDGGLWLRQRI0Q6DQG
&D)2QWKHRWKHUKDQGWKHODWHULPSURYHVVHOIOXEULFDWLQJSURSHUW\RI WKHVWHHO )RGRUHWDO UHSRUWHG
WKH HIIHFW RI FDUERQ DGGLWLRQRQ WKHPLFURVWUXFWXUHRIPL[HG HOHPHQWDO SRZGHU DOOR\ V\VWHPV FRROHG DWPRGHUDWH
UDWHVDIWHUVLQWHULQJ DQGFRQFOXGHGWKDWDWPRGHUDWHFRROLQJUDWHVWKHDPRXQWRIPDUWHQVLWHLQFUHDVHVZLWKLQFUHDVHLQ
FDUERQFRQWHQW WRDQG WKHDPRXQWRIPDUWHQVLWH LVGRXEOHGGXULQJ IXUQDFHKDUGHQLQJ0ROLQDULHWDO
 REVHUYHGWKDWLQFUHDVHLQPHFKDQLFDOSURSHUWLHVVXFKDVKDUGQHVVLPSDFWVWUHQJWKDORQJZLWKZHDUUHVLVWDQFH
EHFDXVHRIWKHIRUPDWLRQRIEDLQLWLFDQGPDUWHQVLWLFPLFURVWUXFWXUHVLQWKH)H&&U0RDOOR\V\VWHP7KHDGGLWLRQ
RI:WR30DOOR\VFRXOGHQKDQFHWKHZHDUUHVLVWDQFHGXHWRWKHIRUPDWLRQRIKDUGSKDVHVLQWKHPLFURVWUXFWXUH7KH
KDUGHQHGFDUELGHEDVHG30DOOR\VWHHOVFRXOGEHWKHEHVWFKRLFHIRUUHSODFLQJWKH+66LQYLHZRIWKHHFRQRPLFVRI
SURGXFWLRQ  6HQWKXU SUDEXHWDO VWXGLHGWKHGU\VOLGLQJZHDUEHKDYLRXUE\DGGLWLRQRIWXQJVWHQLQWKH
SODLQFDUERQVWHHODQG UHVXOWHG WKDW WKHZHDU UHVLVWDQFHRI WKH30 ORZ DOOR\ VWHHOJHWV VLJQLILFDQWO\HQKDQFHG ,Q
YLHZ RI WKH HPHUJLQJ LPSRUWDQFH RI ORZ DOOR\ 30 VWHHOV LQ YDULRXV DSSOLFDWLRQV VWDWHG DERYH DQG GXH WR WKHLU
SRWHQWLDOKLJKVWUHQJWKDQGHFRQRPLFVWUXFWXUDODSSOLFDWLRQVLWLVLPSRUWDQWWRKDYHDFRPSOHWHXQGHUVWDQGLQJRIWKH
ZHDUEHKDYLRURI30VWHHOVLQRUGHUWRHYDOXDWHWKHLUVXLWDELOLW\IRUIULFWLRQDOZHDUDSSOLFDWLRQV7KHSUHVHQWVWXG\LV
PDLQO\IRFXVHGRQWKH GU\VOLGLQJ ZHDUEHKDYLRURIVLQWHUHG30ORZDOOR\VWHHOVZLWKWKHDGGLWLRQRI: DVDOOR\LQJ
HOHPHQWVZLWKYDULRXVGHQVLWLHVVXFKDVDQGXQGHUGU\FRQGLWLRQVRQSLQRQGLVFDUUDQJHPHQWDJDLQVW
(1 VWHHOGLVFRI+DUGQHVV+5&ZLWKDVOLGLQJVSHHGRIPVDQGDWDQRUPDOORDGRI1
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RI WKH 30 DOOR\ VSHFLPHQ ZDV PHDVXUHG XVLQJ $UFKLPHGHV¶ SULQFLSOH 'LVF SROLVKLQJ ZDV PDGH EHIRUH WKH
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GLVFV+5&7KHGLVFZDVFOHDQHGLQDFHWRQHEHIRUH DQGDIWHU WKHFRPPHQFHPHQWRIZHDUWHVWV WRJHW WKHKLJK
SUHFHVVLRQUHVXOWV 7KHGU\VOLGLQJZHDUWHVWVZHUHFRQGXFWHGDWDQRUPDOORDGRI 	1ZLWKDVOLGLQJ VSHHG
RIPV7KHPDWHULDOZHDUORVVZDVGHWHUPLQHGDVWKHFKDQJHLQZHLJKWRIWKHVLQWHUHG VWHHOSLQPHDVXUHG DFFXUDWHO\
EHIRUHDQGDIWHUWKH ZHDU WHVW &RHIILFLHQWRIIULFWLRQ ZDVDOVRWDNHQ GXULQJWKH ZHDU WHVWIURPWKHWULERPHWHU 7KH
ZHDUPHFKDQLVPVZHUHVWXGLHGE\REVHUYLQJWKHZRUQ RXWVXUIDFHVXVLQJRSWLFDODQGVFDQQLQJHOHFWURQPLFURVFRSHV
7DEOH6LHYHVL]HDQDO\VLVRI,URQ)HSRZGHU
6LHYHVL]Hȝ :HLJKWUHWDLQHG

&XPXODWLYHZHLJKWUHWDLQHG
  
  
























7DEOH3K\VLFDOSURSHUWLHVRIHOHPHQWDOPL[HGSRZGHURIDOOR\)H&:
6O
1R
&RPSRVLWLRQ 7KHRUHWLFDO
'HQVLW\
JFF
$SSDUHQW
'HQVLW\
JFF
7DS
'HQVLW\
JFF
)ORZDELOLW\
VJ
 )H&:    
812   S. Senthur Prabu et al. /  Procedia Materials Science  5 ( 2014 )  809 – 816 
)LJ&RPSUHVVLELOLW\ FKDUW IRU)H&:7KHRUHWLFDO GHQVLW\963UHVVXUH
 5HVXOWVDQG'LVFXVVLRQV
%DVLFGU\ VOLGLQJZHDUFXUYHVZHDU ORVVDQG IULFWLRQDOFRHIILFLHQWYHUVXVVOLGLQJGLVWDQFHRIVLQWHUHG WXQJVWHQ
DOOR\HGSODLQFDUERQVWHHO)H&:IRUGLIIHUHQWGHQVLWLHVDQGDWFRQVWDQWVOLGLQJYHORFLW\
RIPVIRU DQ D[LDOORDGRI1ZHUHREWDLQHG
:HDU%HKDYLRXURI7XQJVWHQ$OOR\HG3ODLQ&DUERQ6WHHO
7KHGU\VOLGLQJZHDUEHKDYLRXURIVLQWHUHG WXQJVWHQDOOR\HGSODLQFDUERQVWHHO)H&:LVLOOXVWUDWHGLQ
)LJXUH DF
)URP )LJ D LW ZDV REVHUYHG WKDW ZLWK ORZ OHYHO DSSOLHG ORDG RI 1 PDVV ORVV RI DOO GHQVLW\ SUHIRUPV
LQFUHDVHVJUDGXDOO\ZLWKVOLGLQJGLVWDQFH0RGHRIZHDUXQGHU WKHVHFRQGLWLRQVDSSHDUV WREHR[LGDWLYH7KHZHDU
UDWHULVHVDEUXSWO\DERYHDSSOLHGORDGRI1DQGWKDW LVDSSDUHQWLQ1DOVR,WLVREVHUYHGIURPWKHSORW F WKH
PDVVORVVLVLQFUHDVLQJOLQHDUO\ZLWKVOLGLQJGLVWDQFHSDUWLFXODUO\LQKLJKHUDSSOLHGORDG7KHLQFUHDVHLQWKHKDUGQHVV
RIWKHKLJKHUSDUWGHQVLW\FDQEHDWWULEXWHGWRWKHSUHVHQFHRI7XQJVWHQFDUELGHKDUGSKDVHIRUPHGUHVXOWVLQKLJKHU
PDVVORVVGXULQJWKHZHDUWHVW+HDWJHQHUDWHGIRUGHQVLW\SUHIRUPVDWKLJKORDGFDXVHVPRUHR[LGDWLRQEXWWKDW
LVFRXQWHUDFWHGE\FRQWLQXRXVIUDFWXUHXQGHUWKRVHFRQGLWLRQVEHFDXVHRIEULWWOHDQGGLVFUHWHR[LGHILOPIRUPHGDQG
LW DFWV DV KDUG LPSXULW\ RU SDUWLFOH WKLUG ERG\ EHWZHHQ PDWLQJ VXUIDFHV UHVXOWV LQ GHODPLQDWLRQ ZHDU 7KH
FRQWLQXRXVIUDFWXUHRIR[LGHOD\HUFDXVLQJDSLHFHRIPDWHULDOWROHDYHWKHVXUIDFHDVZHDUGHEULV7KLVLVVRFDOOHG
GHODPLQDWLRQZHDU
D E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)LJ'U\VOLGLQJZHDUEHKDYLRXURIVLQWHUHG7XQJVWHQDOOR\HGSODLQFDUERQVWHHO )H&: D 1 E 1 F 1
(IIHFWVRI$SSOLHG/RDGDQG6OLGLQJVSHHGRQWKH)ULFWLRQDO&RHIILFLHQW
)LJXUH LOOXVWUDWHV WKHYDULDWLRQVRI WKH IULFWLRQDOFRHIILFLHQWRI30DOOR\ VWHHOVDWGLIIHUHQW ORDGV)URP WKH
SORW D ,QLWLDOO\ FRHIILFLHQWRIIULFWLRQDWWKHEHJLQQLQJRIWKHWHVWYDULHVEHWZHHQDQGIRUDQG
GHQVLW\SUHIRUPVZKHUHDVGHQVLW\ LWZDV 7KHLQLWLDOORZHUYDOXHRIIULFWLRQDOFRHIILFLHQWLVGXHWRFRQWDFW
EHWZHHQ WKH R[LGH OD\HUV RI WKH WHVW VSHFLPHQ DQG GLVF PDWHULDO :LWKLQ D VKRUW SHULRG RI VOLGLQJ GLVWDQFH WKH
FRHIILFLHQWRIIULFWLRQUDLVHVWRDQDYHUDJHRIGHSHQGLQJXSRQWKHGHQVLW\RISUHIRUPV%UHDNLQJDQGUHPRYDORI
VXUIDFHR[LGHOD\HUOHDGLQJWRWKHPHWDOWRPHWDOFRQWDFWFDXVHVDQLQFUHDVHLQWKHFRHIILFLHQWRIIULFWLRQ,QWHUIDFH
WHPSHUDWXUHLQFUHDVHVZLWKLQFUHPHQWDOLQDSSOLHGORDGWKDWPD\SURPRWHWKHVXUIDFHR[LGDWLRQDQGUHGXFHWKHGLUHFW
PHWDO FRQWDFWKHQFH WKHUHZDV VOLJKWGHFOLQHLQIULFWLRQFRHIILFLHQW 
D E
F
)LJ9DULDWLRQ RIWKHIULFWLRQDOFRHIILFLHQWRI30 ORZ DOOR\VWHHODWGLIIHUHQWORDGV D1 E1 F1
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0LFURVWUXFWXUHRI$V6LQWHUHG30DOOR\VWHHOV
7KHPLFURVWUXFWXUHVRIWKHVLQWHUHG30DOOR\VWHHOVXVHGIRUWKH ZHDUWHVWDUHVKRZQLQ )LJXUH%DVLFDOO\WKH
DOOR\ VWHHOV DUH FRQWDLQLQJ IHUULWLFSHDUOLWH PLFURVWUXFWXUH DQG UHYHDOV WKDW WKH XQLIRUP GLVWULEXWLRQ RI 7XQJVWHQ
SDUWLFOHV7XQJVWHQLVNQRZQFDUELGHIRUPHU,QKLJKHUGHQVLW\SUHIRUPVWKHFDUELGHSKDVHGXHWR:HPEHGGHG
LQEHWZHHQWKHIHUULWHJUDLQVLVELJJHULQVL]H7KHFDUELGHVRIDOOR\LQJHOHPHQWHPEHGGHGDORQJWKHJUDLQERXQGDULHV
OHDGVWRHQKDQFHWKHZHDUUHVLVWDQFHRIWKHDOOR\VWHHO 
D)H&: [ E)H&: [ F)H&:  [
)LJ 2SWLFDOPLFURJUDSKV RIWKH DVVLQWHUHG30DOOR\VWHHOV
:HDUSDWWHUQ
)LJXUH LOOXVWUDWHVWKHPRUSKRORJLFDOREVHUYDWLRQVRIZHDUSDWWHUQRIPD[LPXPZRUQRXWSLQVXUIDFHVRI30
DOOR\VWHHOV 1RQXQLIRUPZHDUSDWWHUQZDVREVHUYHGIURP )LJXUH FGXHWRWKHSUHVHQFHRIKLJKGHQVHWXQJVWHQ
FDUELGHVEHFDXVHRI WKHDGGLWLRQRI DOOR\LQJ HOHPHQW7XQJVWHQLVNQRZQFDUELGHIRUPHU$WKLJKHUORDGDQGKLJKHU
GHQVLW\H[WHQWRIJURRYHVFUDWHUVIRUPHGDWWKHZRUQVXUIDFHRIWKHSUHIRUPVLQGLFDWHWKDWGHODPLQDWLRQLVD
PDLQPHFKDQLVPUHVSRQVLEOHIRUUHPRYDORIPDWHULDO )DLOXUHE\DGHODPLQDWLRQSURFHVVLVFOHDUO\LQGLFDWHGE\WKH
VKDSHRI WKHGHEULVSDUWLFOHV7KHZHDUGHEULVPHFKDQLVPRIZHDUPD\ LQFOXGHR[LGDWLYHZHDUPLFURFXWWLQJDQG
GHODPLQDWLRQZHDUEHFDXVHRI VRPHR[LGHSDUWLFOHVPLFURFKLSV GHODPLQDWLRQ IODNHV +HDW JHQHUDWHG DW KLJK ORDG
FDXVHVPRUHR[LGDWLRQEXWWKDWLVFRXQWHUDFWHGE\FRQWLQXRXVIUDFWXUHXQGHUWKRVHFRQGLWLRQV 
D E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)LJ:HDUSDWWHUQRIPD[LPXPZRUQRXW VXUIDFH RI 30 DOOR\VWHHOV D E F
6FDQQLQJ(OHFWURQ0LFURVFRSH6(0LPDJHV
6(0 LPDJHVRI DVVLQWHUHG)H&: RI  GHQVLW\SUHIRUPV LV VKRZQ LQ WKH )LJ D 7KH:SDUWLFOH
HPEHGGHGLQEHWZHHQWKHIHUULWLF JUDLQVPDWUL[LVHYLGHQWIURPWKH6(0PLFURJUDSK )LJ E VKRZVWKH6(0LPDJH
RIWKH ZHDUGHEULV GXULQJ WKHZHDUWHVW RI GHQVLW\VSHFLPHQ3K\VLFDOPHWDOOLFIDLOXUHZDVREVHUYHGEHFDXVHRI
ORQJPHWDOOLFGHEULVJHQHUDWHGDWKLJKORDGVIRUKLJKHUGHQVLW\ LQGLFDWLQJWKHRFFXUUHQFHVRIVHYHUHPHWDOOLFZHDU
0HWDOOLFZHDULQFUHDVHV EHFDXVHRILQFUHDVHVLQWKHKDUGQHVVRIPDWUL[DQGPDNHVLWPRUHFRKHUHQWZKLFKLQFUHDVHV
WKHUPDOVRIWHQLQJRIWKHPDWHULDOVRZLQJWRWHPSHUDWXUHULVH
DE
)LJ6(0LPDJHV RI  GHQVLW\SUHIRUPV D )H&: DVVLQWHUHG E )H&: ZHDUGHEULV
ȝP
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 &RQFOXVLRQV
x 7KHZHDU UDWH JUDGXDOO\ LQFUHDVHV ZLWK LQFUHDVH LQDSSOLHG ORDG IRUDOO WKHGHQVLW\30ORZDOOR\VWHHOV DQG LQ
KLJKHUORDGZHDU UDWH LQFUHDVHVDEUXSWO\GXHWRGHODPLQDWLYHZHDU
x ,QKLJKGHQVLW\SUHIRUPV GXHWRKDUGSKDVHRIWKH WXQJVWHQFDUELGHUHVXOWVLQKLJKKDUGQHVVOHDGVWRKLJKHU
ZHDUORVVGXULQJWKHWHVW+HDWJHQHUDWHGDWKLJKORDGFDXVHVPRUHR[LGDWLRQDQGWKHFRQWLQXRXVIUDFWXUHRIR[LGH
ILOPIRUPHGWKHPHWDOWRPHWDOFRQWDFWUHVXOWVLQGHODPLQDWLRQZHDU
x 7KHXQLIRUPZHDUORVV ZDVREVHUYHGLQGHQVLW\SUHIRUPV LUUHVSHFWLYHRIORDGVFRPSDUHGZLWKRWKHUGHQVLW\
SUHIRUPV%XWWKHIULFWLRQDOFRHIILFLHQWVOLJKWO\LQFUHDVHVGXHWRR[LGHOD\HUIRUPHG
x 7KHEDVLFPLFURVWUXFWXUHRIDOOGHQVLW\)H&:30DOOR\VWHHO LV IHUULWLFSHDUOLWH'LVWULEXWLRQRI WKH WXQJVWHQ
SDUWLFOHVHPEHGGHGLQ)H&PDWUL[LVXQLIRUPLQWKHGHQVLW\VLQWHUHG30VWHHOSUHIRUPVUHVXOWVLQXQLIRUP
ZHDU DQGDOVR REVHUYHGWKH OHDVWZHDUORVV6RWKHGHQVLW\SOD\VWKHYLWDOUROHLQWKH30DOOR\VWHHOVWRHQKDQFH
WKHZHDUUHVLVWDQFH
$FNQRZOHGJHPHQWV
7KHDXWKRUVDUHKLJKO\LQGHEWHGWR0V+RJDQDV,QGLD/WG3XQHDQG0V$XVEXU\*UDSKLWH0LOOV86$IRUWKHLU
NLQGJHVWXUHLQSURYLGLQJLURQDQGJUDSKLWHSRZGHUVIRUWKHSUHVHQWUHVHDUFKZRUN
5HIHUHQFHV
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DQG5HYLHZRIOLWHUDWXUH3RZGHU0HWDOOXUJ\,QWHUQDWLRQDO9RO1R 
5+D\QHV'HYHORSPHQWRIVLQWHUHGORZDOOR\VWHHOV 3RZGHU 0HWDOOXUJ\9RO1R 
6LPFKL $'DQQLQJHU  +(IIHFWRISRURVLW\RQGHODPLQDWLRQZHDURIVLQWHUHGSODLQLURQ3RZGHU0HWDOO- ±
6WUDIIHOLQL *0ROLQDUL $'U\VOLGLQJZHDURIIHUURXV 30PDWHULDOV3RZGHU0HWDOO-  ±
(QJVWURP8/LQGEHUJ&DQG 7HQJ]HLXV-3RZGHUVDQGSURFHVVHVIRUKLJKSHUIRUPDQFH30VWHHOV´ 3RZGHU0HWDOOXUJ\ ,QWHUQDWLRQDO
9RO1R 
<RXVHIIL 0 0LWFKHOO 6& :URQVNL $6 DQG &LDV $ 6LQWHULQJ PLFURVWUXFWXUH DQG PHFKDQLFDO SURSHUWLHV RI 30 PDQJDQHVH ±
PRO\EGHQXP VWHHOV 3RZGHU0HWDOOXUJ\ 9RO 1R 
:DQJ 0&  3URSHUWLHVRIKLJKGHQVLW\ SRZGHUIRUJHGLURQEDVHGDOOR\ 3RZGHU0HWDOOXUJ\9RO1R 
3KLOLSV5$ .LQJ -(DQG0RRQ-5)UDFWXUHWRXJKQHVVRIVRPHKLJKGHQVLW\30VWHHOV3RZGHU 0HWDOOXUJ\ 9RO 1R 
=XRPLQ/LX&KLOGV7+&7KHVWXG\RIZHDUFKDUDFWHULVWLFVRIVLQWHUHGKLJKVSHHG VWHHOVFRQWDLQLQJ&D)0Q67L&DGGLWLYHVDW HOHYDWHG
WHPSHUDWXUH :HDU 
)RGRU 0 :RRG -9(IIHFW RI FDUERQ RQ PLFURVWUXFWXUH RI PL[HG SRZGHU V\VWHP FRROHG DW PRGHUDWH UDWHV DIWHU VLQWHULQJ 3RZGHU
0HWDOOXUJ\9RO1R 
0ROLQDUL$ 6WUDIIHOLQL* DQG &DPSHVWULQL3,QIOXHQFHRIPLFURVWUXFWXUHRQLPSDFWDQGZHDUEHKDYLRXURIVLQWHUHG&UDQG0RVWHHO
3RZGHU0HWDOOXUJ\ 9RO1R
%RVH $ 6DGDQJL5 *HUPDQ 50$UHYLHZRQDOOR\LQJLQWXQJVWHQKHDY\DOOR\V706DQQXDOPHHWLQJDQG([KLELWLRQ9ROXPH

66HQWKXUSUDEX7..DQGDYHO3.DUWKLNH\DQ,QIOXHQFHRI7XQJVWHQRQGU\VOLGLQJZHDUEHKDYLRXURIVLQWHUHGSODLQFDUERQ VWHHO)H&
3URFHHGLQJVRI6HFRQG,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DWHULDOV3URFHVVLQJDQG&KDUDFWHUL]DWLRQ9ROXPH
'KDQDVHNDUDQ 6 *QDQDPRRUWK\ 5'U\VOLGLQJIULFWLRQDQGZHDUFKDUDFWHULVWLFVRI)H±&±&XDOOR\FRQWDLQLQJPRO\EGHQXPGLVXOSKLGH
0DWHULDOVDQG'HVLJQ ±
'DYLV )$ (\UH 76  7KH HIIHFW RI VLOLFRQ FRQWHQW DQGPRUSKRORJ\ RQ ZHDU RI DOXPLQLXP±VLOLFRQ XQGHU GU\ DQG OXEULFDWHG VOLGLQJ
FRQGLWLRQV7ULERO,QW9RO1R ±
